Record Display Form p a g e j Q f j 



First Hit 



LI: Entry 1 of 2 File: JPAB Mar 22, 1994 

PUB-NO: JP406079141A 

DOCUMENT-IDENTIFIER: JP 06079141 A 

TITLE: METHOD FOR RECOVERING ION BY HEATING PHOTOIONIZED PLASMA USING 
ELECTROMAGNETIC WAVE 

PUBN-DATE: March 22, 1994 

INVENTOR-INFORMATION: 

NAME COUNTRY 

OZU, AKIRA 

SUGIYAMA, RYO 

SUZUKI, YASUSHI 

MARUYAMA, YOICHIRO 

ARISAWA, TAKASHI 

ASSIGNEE- INFORMATION: 

NAME COUNTRY 
JAPAN ATOM ENERGY RES INST 

APPL-NO: JP04238515 

AP PL- DATE : September 7, 1992 

INT-CL (IPC): B01D 59/34 
ABSTRACT : 

PURPOSE: To recover an isotope efficiently for a short time by irradiating a plasma 
with an electromagnetic wave to increase the temperature of plasma in a method for 
isolating a highlighted atomic isotope using an electric field. 

CONSTITUTION: A highlighted atomic isotope is isolated using an electric field by 
irradiating a vaporized atom {e.g. alkali metal) with an isotope with a laser beam 
to allow it to be photoionized into a plasma. In this case, the isotope is 
efficiently recovered in a short time by emitting an electromagnetic wave 4 of 
lower frequency than plasma frequency to a photoionized plasma 3 to increase the 
temperature of the plasma 3. That is, efficient recovery of the ion is achieved, if 
the temperature of the photoionized plasma is low and the recovery time is long. 
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ABSTRACTED- PUB-NO: JP 0607914 1A 
BASIC-ABSTRACT: 

Laser beam is irradiated on the vapour of an atom contg. its isotope and electric 
field is applied to the generating ionised plasma to separate the ionised isotope. 
Temp, of the plasma is increased by irradiating electromagnetic waves on it so as 
to recover the ionised isotope in a short time. 

Frequency of the electromagnetic waves is pref. lower than that of the plasma. Atom 
ionised and sepd. is pref. alkali (ne earth) metal, or transition metal atom. 

USE/ADVANTAGE - Used to separate isotope. Ionised isotope can be recovered in a 
short time even when the plasma density is high. 

In an example, pulse laser beam with 600 micro-J powder, 10ns width, and 2mm dia. 
spot which is resonated with D2 line of Na was irradiated on metallic Na vapour to 
generate ionised plasma with 300 MHz; electromagnetic waves 140 MHz were applied to 
the plasma. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the isotope separation method by the atomic method 

which used laser light. 

[0002] 

[Description of the Prior Art] Until now, in isotope separation, such as uranium enrichment by the 
atomic method using laser light, the ion in the plasma generated by laser light was collected on the 
electrode by electromagnetic force by impressing electric field, a magnetic field, etc. to this plasma in 
pulse or regularly. In laser concentration, the ion which photoionized alternatively with pulse laser light 
is collected out of a high-speed steamy style. In that case, if recovery speed is slow, the recovery of ion 
will fall or the enrichment factor of ion will fall by the collision with ion and a neutral atom etc. 
Therefore, in order to suppress loss according the ion recovery out of the laser induction plasma which 
passes inter-electrode at high speed to raising and charge exchange, it is necessary to collect ion 
promptly. When performing ion recovery by the Prior art, the passing speed of ion is determined with 
the ionic temperature and electron temperature of the plasma by the effect of space charge. In this case, 
the ionic temperature and electron temperature of the plasma which were generated by the 
photoionization by the laser beam are as low as about 0.1 eV, therefore, the passing speed of a charged 
particle becomes comparatively slow, and a certain amount of time amount is needed for extracting ion 
from the plasma to an electrode. For this reason, in order to collect ion at high speed using electrostatic 
field, the high voltage must be impressed to a recovery electrode. 

[0003] However, although voltage impressed to a recovery electrode must also be made high if ion 
density is made high in order to gather ion recovery, the isotope collected on the electrode side may be 
calculated according to the spatter phenomenon of ion in which high energy was obtained at this time. 
[0004] Moreover, since ion is collected with high voltage impressed, it is predicted that the energy spent 
at the time of recovery also becomes large. 
[0005] 

[Problem(s) to be Solved by the Invention] When the temperature of this invention of the 
photoionization plasma is low and recovery time amount becomes long in view of the above-mentioned 
trouble, it aims at offering the method of collecting ion efficiently. 
[0006] 

[Means for Solving the Problem] In a method of separating a view isotope of this atom using electric 
field, a method characterized by irradiating an electromagnetic wave at this plasma, raising temperature 
of this plasma, and collecting these isotopes for a short time be offered by irradiating laser light and 
forming it into the photoionization plasma in a steamy atom which have an isotope, according to this 
invention, that the above-mentioned technical problem should be solved 
[0007] 

[Function] Since the temperature of the plasma photoionized and generated by the exposure of laser 
light like **** is low, the passing speed of the ion in electric field becomes comparatively slow, and a 
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certain amount of time amount is needed for extracting ion from the plasma. If an electromagnetic wa.ve 
is irradiated at this plasma, when the charged particle within the plasma, i.e., ion and an electron, 
absorbs an electromagnetic wave, the temperature of these charged particles will rise and the momentum 
in the inside of the plasma will increase. Since it becomes easy to draw ion to an electrode as a result, 
time amount until it draws ion in an electrode can decrease, and ion can be collected by short time 
amount as compared with the isotope separation method using the conventional laser light. 
[0008] If the frequency of the electromagnetic wave which irradiates the plasma makes the temperature 
of the plasma rise, although there is especially no limit, when the frequency of an electromagnetic wave 
is lower than a plasma frequency, since the electron in the plasma can be heated efficiently, it is 
desirable. It is because an electromagnetic wave will pass through the inside of the plasma if the 
frequency of the electromagnetic wave to irradiate is higher than a plasma frequency, so the heating 
effectiveness of the plasma falls. 

[0009] The laser light to irradiate is impressed in pulse or regularly that what is necessary is just what 
aligns with the resonance wavelength of the target steamy atom, and can ionize this atom alternatively. 
An atom is made to photoionize alternatively using a pulse laser in this invention preferably. 
[0010] There is especially no limit in the impression method of an electromagnetic wave, for example, 
an antenna and a waveguide may be installed near a recovery electrode, or an electromagnetic wave may 
be impressed to one side or the both sides of an electrode. And an electromagnetic wave may be 
impressed to the shape of a pulse, and a stationary wave. 

[00 11] Although there will be especially no limit in the class if the atom collected by the method of this 
invention has an isotope, it is desirable to use the method of this invention for the isotope separation of 
alkali metal, alkaline earth metal, or transition metals. 
[0012] 

[Example] The mimetic diagram of the equipment for enforcing the method of this invention is shown in 
drawing 1 • The heat pipe with a length of 30cm was installed in the separation chamber 1, and the 
parallel plate electrode 2 for ion recovery has been arranged on the both sides. Predetermined voltage 
was impressed to two electrodes from the high-pressure recovery power supply 6. The pulse laser light 
(-600microJ, 10ns, 2mmphi) made to sympathize with D2 line of a sodium atom is irradiated, and the 
metallic-sodium steam enclosed into the heat pipe was made to ionize a sodium atom, and was made to 
generate the plasma 3 by multiple photon absorption. Thus, the sodium ion made to ionize was collected 
to the parallel plate electrode which impressed the low battery. The coil electrode was installed near the 
center of an electrode as an antenna 5 for electromagnetic wave generating, and the RF electromagnetic 
wave was impressed using the electromagnetic wave generator. The frequency of an electromagnetic 
wave was 140MHz. In addition, the plasma frequency at this time was about 300MHz. The time amount 
wave of the ion current which flows to this electrode 2 was observed, and the relation between the RF 
electromagnetic wave to impress and an ion current wave was measured. The result is shown in drawing 

[0013] Drawing 2 shows the ion current wave which flows to an electrode 2, when the RF 
electromagnetic wave was impressed to the plasma, and when it does not impress. From this drawing, by 
impressing a RF electromagnetic wave shows that the standup of the pulse of the ion current becomes 
early. Moreover, it also turns out that recovery time amount is shortened as the output of a RF 
electromagnetic wave increases. 
[0014] 

[Effect of the Invention] Thus, according to this invention, when the density of the plasma is high, ion 
can be quickly collected to an electrode in predetermined time amount, and the effectiveness and the 
amount of products of isotope separation by laser light can be made to increase as a result. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A method characterized by irradiating an electromagnetic wave at this plasma, raising 
temperature of this plasma in a method of separating a view isotope of this atom using electric field by 
irradiating laser light and forming it into the photoionization plasma in a steamy atom which has an 
isotope, and collecting these isotopes for a short time. 

[Claim 2] A method according to claim 1 that frequency of an electromagnetic wave to irradiate is lower 
than a plasma frequency. 

[Claim 3] A way according to claim 1 an atom is alkali metal, alkaline earth metal, or transition metals. 
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